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UNDERSTANDING TRANSITION AND TURBULENCE
THROUGH DIRECT SIMULATIONS

P. R. Spalart & J. J. Kim

A.R. C,, C. F. D. Branch, Turbulence Physics Section

Direct simulations consist in solving the full Navier-Stokes equations,
without any turbulence model, and describing all the detailed features of the
flow. Usually the flows are three-dimensional and time-dependent and contain
both coarse and fine structures, which makes the numerical task very chal-
lenging in terms of both the algorithm and the computational effort. Most
of the work until now has involved spectral methods, which are highly accu-
rate but not very flexible in terms of geometry or complex equations. For
that reason, future work will also rely on high-order finite-difference or other
methods.

Direct simulations complement experimental work, and both contribute
to the theory and the empirical knowledge of turbulence. Once such a sim-
ulation has been shown to be accurate the flow field is completely known, in
three dimensions and time, including the pressure, the vorticity and any other
quantity. On the other hand, most simulations to date solved the incompress-
ible equations in rather simple geometries, and direct simulations will always
be limited to moderate Reynolds numbers. Extensive simulations have been
conducted in homogeneous turbulence, channel flows, boundary layers, and
mixing layers. Much effort is devoted to addressing flows with compressibil-
ity and chemical reactions, and to new geometries such as a backward-facing
step.
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Velocity contours in a homogeneous shear flow
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